ciencies at ages ending in digits 1 and 9. This kind of tendency to report certain ages at the expense of other ages is known as age heaping, age preference, or digit preference. Age heaping is most noticeable among population sub-groups with low literacy rates (Myers [1940] , Agrawal-Khanduja [2015] , Pal-Mukhopadhyay-Tewari [2015] , Bekele [2006] ).
The Eritrean situation in age reporting resembles the current state in developing societies in Africa and other third-world countries. The need for strategies and pragmatic involvement to obtain accurate age statistics is uncontested. Thus, it entails a sound understanding of the factors affecting age misrepresentations, and there is a dearth of methodical examination with respect to this topic in the context of Eritrean surveys. The main objective of the present study is to evaluate age heaping and assess the accuracy of age data of respondents, which was reported during the EPHS in 2010.
The paper is divided into four sections. After this brief introduction of age accuracy, Section 1 discusses data and methodology. In Section 2, important techniques of evaluating the accuracy of age data are presented and analysed. Based on the results, conclusions are drawn in Section 3. Finally, policy and future recommendations are proposed.
Data and methodology
Two methods of analyses have been used to evaluate quality of age reporting in the EPHS 2010: graphical assessment of misreporting and summary indices to measure age misreporting, such as Whipple's index and Myers' blended index (also known as Myers' index). Turner's hypothetical ranking has been used to compare reported ages.
For this study, data were collected from the EPHS conducted between January and July 2010. The EPHS 2010 dataset was the latest national dataset available for the whole nation. It was designed as a sequel to two national surveys in order to update the information from those previous surveys as well as provide results on additional topics. The data are anticipated to be used by researchers, decision-makers, and program managers for advancing demographic and health related programs.
The sample for the EPHS 2010 was selected in two stages. In the first stage, 900 clusters were selected among the list of clusters (525 from rural areas and 375 from urban areas) in the country. The selection of clusters was carried out through the linear systematic random sampling procedure, with the probability of selection being proportionate to the number of households in each cluster. A com-plete household listing operation was carried out in the selected clusters to provide a frame for the final linear systematic random selection of households during the second stage of sampling in the EPHS 2010. The study had a household response rate of 97.8%. Table 1 describes the population composition in the survey. It shows that young population age groups dominated the sample. The distribution across age groups was 43% for the younger age category (less than 15 years of age) and 6% for the older age category (over 65 years). The survey comprised 51.1% female respondents and 48.9% male respondents. 
Analysis and discussion
This section provides the evaluation of age preference through different detecting methods. First, a descriptive analysis is introduced to assess the extent of digit preference by the count of each terminal digit of age. Then visual assessment is carried out through the population pyramid to spot irregularities in reporting of ages. Finally, various demographic measures, such as Whipple's index and Myers' blended index, are presented to determine the extent of age heaping in the EPHS 2010.
Descriptive analysis
A simple cross-tabulation of the percentage of individuals by age ending in multiples of 0 and 5 as well as even and other terminal digits of the survey should shed light on the patterns of age heaping. Table 2 presents the counts and proportions of the reported terminal digits in the survey. The digit preference for terminal digits 0 and 5 was evident, followed by terminal digits 8 and 2. However, 1 and 9 were least favoured as terminal digits, being counted about 13%. Source: EPHS 2010 data.
Graphical assessment of age heaping
Graphical assessment was adopted to visually detect the extent of anomalies in age data. In this section, one of the techniques of graphical evaluation, the population pyramid, is presented. However, not all age data irregularities assessed are attributed to data errors, and caution should be exercised to see if any unusual events occurred in the past (Siegel-Swanson [2004] ).
Population pyramid
Age heaping can be assessed using a population pyramid that depicts single years of age. The single-year population pyramid displays the size of the population enumerated in each year of age by sex. The base of the pyramid is primarily affected by the extent of fecundity in the population, while the degree of convergence to the top is determined by preceding levels of mortality and fertility. The presence of age heaping is characterised by longer bars at preferred terminal digits and shorter bars at avoided terminal digits. The procedure involves both sexes displayed in the same graph, which then enables us to detect the gender-specific propensity of age misreporting.
Detecting age heaping through a population pyramid can only tell the overall patterns of digit preferences prevalent in the Eritrean survey. However, the magnitude of age heaping is yet to be known at this stage. Figure 1 illustrates the age-sex structure of the EPHS 2010. The figure reveals noticeable patterns with strong propensity particularly at certain ages. The choice of ages stated in the survey was not entirely random. This fact can be easily verified by quickly scanning the pyramid: misreporting mostly occurred at regular patterns. The pattern of the pyramid -that is known as hedgehog distribution (Boonstra [2011] ) at the ten-year and five-year interval -displays irregularities. This phenomenon is characterised by exhibiting single-year age distribution of adjacent digits and sizeable discrepancies in magnitude. For both sexes, the irregularities persist even to the old ages. 
Demographic techniques of measuring age heaping
This section presents the description of demographic methods that have been employed in measuring the accuracy of age and sex data.
Age
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To gauge the accuracy of age reporting, various techniques are proposed in literature. They are used for measuring irregularities in age data. The most common techniques include the calculation of Whipple's index, Myers' blended index as well as the modified Whipple's index. These indices reveal the degree of preference or avoidance of certain terminal digits.
In the present study, Turner's hypothetical ranking has been applied to assess the patterns of the heaping format with the proposed ranking of terminal digits. Additionally, Whipple's index and Myers' blended index have been used to assess the degree of erroneousness in age reporting by the respondents in EPHS 2010 data.
Turner's hypothetical ranking
Turner [1958] proposed a hypothetical ranking of preferences of individuals reporting their age (numerical data), with highest terminal digit preferences in order of 0, 5, and 2 in censuses in Western countries at the time of survey. Next to the most preferred digits (0 and 5), even terminal digits were favoured, followed by terminal digits 3 and 7. The most avoided terminal digits were 1 and 9. First, Turner [1958] graphically displayed the heaping formats for all the digits and made a calculation of the rank of each terminal digit of age using Spearman's rank correlation coefficient (ρ). Then, the observed rank order was compared with the expected rank from the hypothesis. A significant corpus of literature has cited Turner's [1958] approach; this includes studies by Stockwell-Wicks [1974] and Ewbank [1981] ). Table 3 reports the hypothetical ranking proposed by Turner [1958] . This methodology was applied particularly for Western nations at the time of its development. Today age heaping can be ruled out in the developed countries but the quality of age data is still a perennial cause of concern in the less developed countries. Table 3 Turner's hypothetical ranking Digit 0 1 2 3 4 5 6 7 8 9
Turner's ranking 1 9.5 3.5 7.5 4.5 2 4.5 7.5 3.5 9.5
Source: Turner [1958] . Table 4 presents the calculation of Spearman's correlation (ρ) between Turner's ranking and the observed ranks of terminal digits reported in the EPHS 2010. ρ was 0.89 for male respondents, 0.85 for female respondents, and highly significant for both. Thus, Turner's hypothetical ranking fairly describes the patterns of age heaping in the 2010 Eritrean survey. 
Whipple's index
Whipple's index is a measure of digit preference proposed by the American demographer George Chandler Whipple. The magnitude of preference for avoidance of a certain terminal digit can be detected by various indices (Siegel-Swanson [2004] ). This index is a commonly employed index to measure age misreporting.
Whipple's index is the ratio of the total number of individuals between the ages of 23 and 62 years who have reported their age ending in 0 and 5 to one-fifth of the entire population in the same age group, multiplied by 100. It offers the comparative inclination for digits 0 and 5 and is calculated as: 
The range from 23 to 62 years is essentially subjective. Young and old ages are often omitted in calculating indices of heaping, as they are more likely to be prone to other types of misreporting errors than the ones caused by preference for particular terminal digits. Mostly early ages (0 to 4 years of age) are understated, whereas older ages (60 and above) may be overstated, and due to high mortality, there are less persons in these age groups than in other ones (UNFPA [2016] ). If there is no heaping at terminal digits 0 and 5 in ages reported, the index will be 100. If all reported ages of respondents end with 0 and 5 (i.e. complete heaping), the index will have a maximum value of 500. In our research, we have used a Whipple-index-based scale (Siegel-Swanson [2004] ) to assess the degree of consistency of age data. (See Table 5 .) The total population for the age group 23-62 is 52,319. Among them, the population reporting age ending with 0 was 19,419, which accounts for 17.9%, while those reporting age with the terminal digit of 5 were 14,348 (13.2%). Thus, according to Table 6 , Whipple's index for the 10-year age range, that is, for those reporting age with terminal digit 0, was 171.5 (187.7 for male and 157.2 for female respondents). While the quality of data was coarse for both sexes, male respondents tend to prefer terminal digit '0' more than their female counterparts. Whipple's index for the five-year range, that is, for those reporting age with terminal digit 0 or 5, was 165 (176 for male and 156 for female respondents). The overall quality of age data was rough. A possible explanation of the gender disparity in age heaping could be that 81% of the responses from the households (proxy responses for men about their age) were provided by female respondents.
Myers' blended index
Myers' blended index is a time-honoured indicator of age heaping. It is a modification of the index of dissimilarity that summarises the deviancy of any observed data on age reporting from a distribution that is expected under a particular model (Pullum-Staveteig [2017] ).
This index avoids the inherent biases of Whipple's index (i.e. it does not include all digits except for 0 and 5) to measure age data for some heaping or preference. Myers' index plays the role of balancing the proportion of individuals that would have to be moved from the inflated category to the deflated category for obtaining the expected distribution. Myers' blended index is calculated for ages within 10-89 years.
The method for calculation is as follows:
1. Sum the population ending in each terminal digit over the entire range from the ages 10-89; e.g. 10, 20, 30, …, 80; 11, 21, 31, …, 81. 2. Sum the population ending in each terminal digit over the entire range from the ages 20-89; e.g. 20, 30, 40, …, 80; 21, 31, …, 81. 3. Multiply the sum of ages at each terminal digit in 1. above by weights 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 4. Multiply the sum of ages at each terminal digit in 2. by weights 9, 8, 7, 6, 5, 4, 3, 2, 1, 0. 5. Add the product of 3. and 4. to obtain the blended population at every terminal digit.
6. Convert the distribution in 5. into percentages for each terminal digit.
7. Take the deviation of the percentage of each digit from 10% (i.e. theoretical distributions) (Siegel-Swanson [2004] ). Table 7 reports the calculation of Myers' blended index for the entire population. Using this index, a 14.1% deviation was found for male respondents and a 12.9% deviation for female respondents. Moreover, 13.5% of misreported data for both genders. The highest positive deviation was witnessed for the terminal digit 0 (6.7%), followed by terminal digit 5 (4.3%). Contrariwise, the highest negative deviations were spotted in terminal digit 1 (4.1%), followed by 9 (3.3%). Table 7 reports that the highest preference was for terminal digits 0 and 5. The negative figures indicate avoidance of a particular terminal digit. Figure 2 illustrates the percentage deviations of the blended population from 10 (expected distribution) along each terminal digit. The most favoured terminal digits in reporting age were 0 and 5, while the most shunned were particularly 1, 9, and to a lesser degree, terminal digit 4. 
Female respondents
Source: EPHS 2010 data. Table 8 presents the socio-demographic differentials in reporting of ages using Myers' index to determine their levels of misreporting. As shown in the table, the gender gap in reporting marginally favours female (MI 1 = 12.86) to male respondents (MI = 14.08). This finding conflicts with the conventional wisdom that women in developing countries are well behind men in numeracy and in stating their ages accurately. However, this finding is by no means comprehensive until the quality of age data for women is evaluated based on only unmarried women.
We found urban-rural variations in age misreporting. Rural respondents (MI = 13.86) tend to misreport their ages more than their urban counterparts (MI = 12.14). There are also regional disparities in age reporting based on Myers' index. Generally, the accuracy of age statistics was higher for the highland population (MI = 12.19) which is characterized by higher literacy rates compared with the lowland (MI = 14.66) and Red sea coastal lines (MI = 14.26) populations.
Socio-economic factors were assessed through the educational level of the household respondent and the relative economic standing of the household as expressed in their wealth quintiles. Table 8 also reveals that an increase in educational level of the household respondent reduces the level of age misreporting. Those with no education (MI = 13.75) show higher misreporting compared with primary (MI = 11.79) and secondary and higher educated (MI = 8.19 ) respondents of other households. An increase in relative economic standing of the household also indicates minor improvement in age reporting, as indicated by the higher MI value (14.72) for the poor compared with the rich (MI = 11.37). Source: EPHS 2010 data. Table 9 reports the comparison of Whipple's and Myers' indices for selected African countries with respect to Eritrea. Age heaping, especially at terminal digits 0 or 5, is a pervasive African phenomenon. All Whipple's values, except for that of Rwanda (WI 2 = 107), lie in the range of either rough or very rough data quality according to the United Nations' proposed cut-off scores of accuracies of ages. The relative standing of age data quality of the Eritrean survey (WI = 167) resembles the scores of other African nations. Myers' index values refer to the percentage of individuals who reported their ages incorrectly. For instance, for Eritrea, 14% of all individuals misreported their ages as opposed to only 2% for Rwanda.
Conclusion
We studied the accuracy of age data reported by respondents in the EPHS 2010. We analysed the subject from multiple angles to test the quality of age reporting, starting from single-year age data and the corresponding graph, to measuring age heaping values using Myers' blended index, Whipple's index, and Turner's ranking on the Eritrean survey.
Whipple's index for the survey was 172 for the decadal age band (terminal digit 0), and 165 for those who reported age with terminal digits 0 or 5. Thus, age statistics had rough quality of data; age heaping in the Eritrean survey follows the classic patterns at ages with terminal digits 0 or 5, similar to previous surveys (Pardeshi [2010] , Bailey-Makannah [1996] , Agrawal-Khanduja [2015] ).
Myers' blended index for the EPHS 2010 indicates that a minimum of around 14% of all individuals in the survey misreported their ages with an incorrect terminal digit. Turner's hypothetical ranking also showed high correlation with reported ages in the EPHS 2010, with the Spearman's rank correlation coefficient being 0.89 for male and 0.85 for female respondents. Thus, Turner's ranking fairly describes the patterns of age heaping in the EPHS 2010.
Based on the analysis of the graphical and demographic indices, we can state that the Eritrean survey conducted in 2010 was plagued with age misreporting. The systematic tendency of favouring certain terminal digits, such as those ending in 0 or 5, and to a lesser extent even numbers, can indicate the level of numeracy and degree of awareness of one's age in the Eritrean society.
Higher values of the measures of age heaping at certain preferred ages might be associated with high innumeracy and illiteracy levels. The current state of age reporting of the survey was very rough, which reflects the results of surveys from many developing countries. The reason for this may be that the information of the entire household was provided by one person -the household respondent. Hence, the odds of misreporting could be higher.
Understandably, the quality of age data is an important facet of demographic estimation. Thus, any bias with regard to this variable can lead to erroneous conclusions. Inventive measures should be implemented, starting from data collection all the way through the final stages to safeguarding the quality of age data.
Regarding the execution of surveys, it is highly recommended that extra checking mechanisms are developed and implemented throughout the data collection process. Though demographic and health surveys are recognized for their quality standard procedures, there is always room for progress, especially in surveys conducted in less developed countries.
Policy and future recommendations
Many recommendations can be suggested based on our findings. First, greater scrutiny should be enforced throughout the implementation of future surveys. Even with demographic and health surveys, improvements are critical, especially in less developed countries such as Eritrea which have obvious prevalence of age irregularities.
Second, survey implementers should consider using the technique of referencing national, religious, or historical landmarks for estimating age to improve the accuracy of age statistics in surveys and censuses. Concerted effort should be made to authenticate data collected in surveys with additional sources of data, such as Civil Registration and vital statistics or other social services records. Possibly, the anomalies in the reported age data can be adjusted by standard smoothing procedures to mitigate some of the adverse consequences of misreporting. Due emphasis should be placed on making birth registration compulsory, and awareness sensitising campaigns should be organised regularly to highlight the significance of correct age data in our daily life.
We explored the prevalence of age heaping problems in less developed countries, such as Eritrea. We established a preliminary step to a comprehensive plan on the issue. Our work contributes to the extant literature by expounding the importance of household background characteristics as potential determinants of digits preference, and by relating the prevalence of age heaping to educational level of the household head and/or respondent.
Future research should strive to identify more factors between cultural, familial, and demographic scopes, as well as the degree of age misrepresentation. Assessing age heaping in Eritrean surveys among women based on their marital status, as well as among different ethnic groups, is prospective subject of research.
